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Summary

Triphenylmethylcalcium chloride has been used in metalation reactions to
prepare new organocalcium compounds. Metalation of indene leads to the iso-
lable complexes (CgHy);Calis, (L = tetrahydrofuran or L, = 1,2-dimethoxy-
ethane) and sublimation of these complexes gives diindenylcalcium,
(CoH,)oCa. Similar metalation of cyclopentadiene occurs. Fluorene and phe-
nylacetylene are metalated in tetrahydrofuran to give (C; 3 Ho )CaCl(THF), or
(CgHj; C,)CaCl-xTHF, respectively.

IR and 'H NMR spectroscopic studies and other properties of the new
products are discussed.

Introduction

Dicyclopentadienylcalcium has “een well described in the literature [1]
and has been shown to form complexes with oxygen and nifrogen ligands {2].
Analogues of dicyclopentadienylcalcium have received little attention. Thus, no
characterised indenyl compound of calcium has been described and there has
been one report only of an isolable fluorenyl compound, (Cy 3Hg )2 Ca(THF)z
[3]. Kocheshkov and coworkers have shown that phenylcaicium iodide and
diphenylcalcium, prepared in situ, do metalate indene and fluorene in solutlon
but only the products of carbonation were. identified [3,4].

Ethynyl compounds of calcium have also been reported recently. Bxs-
(phenylethynyl)calcmm, (CG H;C.),Ca, has been prepa:ed from calcium metal
and the acetylene in liquid ammonia [5]. Ethynylcalcium iodide compounds,
(RCy)Cal (R = CeH;, C3H,, C4H,, EtOCHz) have been made by metalatlon
with phenylcalcium iodide [(61..

Tnphenylmethylcdcmm chlonde was first prepared by Masthoff and



‘.'Kng '[7] and in subsequent papers they described reactions of this orgah
- metallic compound with compounds of the general formuia R, EH (E = N,
: As, 0, S, Se, Cl) [8] but no reactions with hydrocarbons have been reporte

Results and discussion

. Tnpheny].methylcalcmm chloride, as the bls(tetrahydrofuran) adduct
(C¢ H5 )3 CCaCl(THF),, (1), was ptepared from calcium amalgam and tnphenyl-i.;
methyl chloride in tetrahydrofuran [7]. The metalation reactions of (I) with'
the unsaturated hydrocarbons, indene, fluorene, cyclopentadiene and phenyl--
acetylene have been investigated in tetrahydrofuran or 1,2-dimethos sethane.
The compounds diindenylcalcium and dicyclopentadienylcaleium (reaction 1)
or fluorenylcalcium chloride and phenylethynylcalcium chloride (reaction 2),:;
have been obtained as complexes with the ethereal solvents.

2(C4H, ), CCaCl + 2RH > R, Ca + 2(C;H, ), CH + CaCl, @
(R=C,H, ,C,H,)
(C.H,),CCaCl + RH - RCaCl + (C,H, ),CH .
(R =C,3Hy, CH Cy)

Diiﬁdenylcalcium Complexes

The reaction of indene with (I) in tetrahydrofuran (THF) or 1,2-di-
methoxyethane {(DME) gives isolable colourless crystals of (Cg Hy ) Ca(THF)3, .
(I1}, or (CoHq7)2 Ca(DME), (III), respectively. The complexes were shown to: .
have the assigned stoichiometry by metal analysis and by integration of their:’
1H NMR spectra in pyridine-dg and benzene-dg. They are extremely soluble in -
pyridine, where NMR evidence indicates that the ether ligands are displaced by
the nitrogenous base, and also in tetrahydrofuran and 1,2-dimethoxyethane. .
They are soluble in benzene and toluene but insoluble in hexane. Under high -
vacuum, above 200°, the complexes sublime giving the free diindenylcalcium, ~
(CaH- )2 Ca, (IV), after loss of ether. Compound (IV) is thermally stable, de--
composing above 300°, and is neghgxbly soluble in benzene but sparingly solu~
ble in ether. >

The infraraed spectra of complexes (II), (IIf) and (IV) show bands charac- "
teristic of the mdenyl group Compound (IV) shows no absorptions in the.
region 2840 - 3000 cm ! and bands due to the free CHz group in free indene:
are absent. The C—H deformation found at 762 cm™! in (IV) is shifted to.
lower wavenumber in (II) and (III) (748 cm ~1) and this may arise from a
greater ionicity of the indenyl group in the laiter complexes (cf. cyclopenta
dienyl ‘compounds [9]). Bands assignable to »(C—0-C) in (II) and (II):
(1036 -1024 em™ 1 or 1061 ecm™! respectively) occur at lower frequencies than'
the sain€ bands in the free ethers showing that there i isa s1gmf.1cant interaction:
between’ calcium and the oxygen- ligand. The absence of bands in complex (11T
between 864 996 cm _1 and the occurrence of a strong band at 864 cem™t




TABLE 1
g nMR SPECTRA OF DIINDENYL CALCIUM COMPLEXES ¢

Compound Solvent Indeny! protons Ether protons
4,70 56% 2¢c 1,34

(CgH7)2Ca Et, 0 2,57 3.25 3.61 4.14

DME € 268 3.38 3.58 4.15

DME (—50°) 2,73 3.50 3.73 4.33 :
(CgH7),Ca(THF)> CgDg 2.36 3.02 3.36 3.87 7.057 8.82%
THF CeDg 6.417  8.56%
(C9H7);Ca(DME) CgDg 2.51 3.14 3.23 3.88 7.85h 7.617
DME Ce¢Dg 6.64h  6.86J
(C9H7)2Ca(THF), /DME CgDg 2.49 3.14 3.22 3.87 6.437  8.658
(1/7.8) {e7an .6.94/

: Resonances in 7(ppm) relative to TMS as internal standard.
Two parts of AA'BB’ multiplet.

¢ Triplet.
Doublet,

€ 1.2-Dimethoxyethane.

! THF a-H.

€ THF gH.
DME — CH,.

J DME — CHj.

suggest that 1,2-dimethoxyethane adopts a gauche conformation {10] and that
it is bidentate.

The *H NMR spectrum of (IV) in d1ethy1 ether shows only resonances
assignable to the indenyl group (see Table 1). Similar spectra have been ob-
served for Group IA metal indenyl compounds [11]. In the spectrum of (IV)
[or (111)] in 1,2-dimethoxyethane at 35° it is interesting that the relative shifts
of the 2 and the 5,6 hydrogen resonances are reversed compared to the same
resonances in indenylsodium and indenylpotassium [11]. This may be due to
the larger formal charge on the Group II metal or to the proximity of two
indenyl moieties.

On cooling, the *H NMR spectrum of indenyllithium in 1,2-dimethoxy-
ethane at —40° shows a larger upfield shift of the resonances of the hydrogens
attached to the Cg ring relative to those of the Cy ring. Such shifting does not
oceur for (CgH; )Na or (CgHy )K and a proposed explanation for this is that the
Li atom (ion) is located over the Cq ring whereas Na or K is over the Cy ring
[11]. The spectrum of (CgHjz ), Ca in 1,2-dimethoxyethane on cooling to —50°
shows no marked shifting so that it may be tentatively proposed that the Ca
atom (ion) is predominantly over the Cs ring. At —50° all resonances of
(CyH- ), Ca show slight upfield shifts in 1,2-dimethoxyethane and this is proba-
bly caused by a slight increase in metal ion solvation at the lower temperatures.

The *H NMR spectra of the complexes (II) and (III) in benzene-d, are of
interest. The resonances of the tetrahydrofuran or 1,2-dimethoxyethane ligands
show marked upfield shifts and the relative positions of the CH3 and CH
hydrogen resonances in (III) are reversed, compared to the free ligands. Thus
the ether ligands are still bound to Ca in solution. Simple coordination of ether
to a metal should cause a downfield shift of a«-hydrogen resonances so that the
opposite effect probably arises from interaction with the indenyl ligands. Simi-
lar effects have been observed for non-stoichiometric complexes of fluorenyl-
lithium with tetrahydrofuran and 1,2-dimethoxyethane [12].



The adchtmn of an approxmately eightfold molar quantity (7 8 by int
grﬂtmn) of 1,2-dimethoxyethane to (II) in benzene-dg displaces entn'ely th
“coordinated tetrahydrofuran as indicated by the *H NMR spectrum (reactio
3). The resonances of 1,2-dimethoxyethane, however, are shifted to somewh
higher fields than for the free ether, and the indenyl resonances occur at th
same 7 values as for (III) in CgDg. Assuming that only one molecule of 1,
dunethoxyethane is bound to Ca in solution then exchange (4) is occurrin
The assumption is supported by the calculated shifts for 1,2-dimethoxyethan
undergoing fast exchange. (Calculated: CH,, 7 6.79; CH3 , 6.96 ppm. Observed
CI-I2,76 79 CH3,6 94ppm)

__DME , |
(C,H, )zca(THF)2 —axcess ™ (CgH;),Ca(DME) + 2 THF (3
(C,H, ),Ca(DME) + x DME = (C,H, ), Ca(DME) + x DME 4)-

Dicyclopentadienylecalcium

- - Metalation of cyclopentadiene by compound (I) in 1 2~dimethoxyethaneg.fj}
gives dicyclopentadienyl(1,2-dimethoxyethane)calcium, (C;Hg )2 Ca(DME), V)

2]. o
[ The reaction between (III), in excess, and cyclopentadiene in 1,2-di-
methoxyethane was studied by 'H NMR spectroscopy. Exchange (5) took .-
place over 10 min. The product, (V), was monitored by the appearance of the .
Cs Hy resonance signal and it was formed in virtually 100% yield. =1

2C H, + (G H,),Ca~ (C,H,),Ca + 2C H, 5) .

FZuorenylcaIcium chloride

. Fluorenylbis(tetrahydrofuran)calcium chloride, (Cy3;Hg)CaCl(THF),,
(VI), is formed as a yellow crystalline solid by metalation of fluorene with
compound - (I).- Complex (VI) is sparingly soluble in tetrahydrofuran and 1,2-’
dimethoxyethene and insoluble in ‘benzene. Hydrolysis liberates: free fluorene,. -
and carboxylation in tetrahydrofuran at —78° yields 9-fluorene-carboxylic acid
almost quantitatively. On prolonged heating in tetrahydrofuran at 63° and:
- subsequent carbonation, minor amounts of 9-ﬂuorenone and free ﬂuorene are
- isolated with 9-fluorenecarboxylic acid. :
- 'The IR spectrum of (VI) (see Expenmental Section) shows band assign.
‘ able to the. 013H9 ligand and coordinated: tetrahydrofuran [v(C——O——C)103
m~]. The complex is insufficiently soluble for *H NMR spectroscopy but:
exchange reactions between an excess of (VI) and cyclopentadlene or indene i
1,2-dimethoxyethane are. shown to occur giving (V) or. (III), respectlvely,
observed by then' 1H NMR spectra : E ; ‘
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Phenylethynylcalcium chloride

Metalation of phenylacetylene with compound (I) in tetrahydrofuran
yields, after recrystallisation, phenylethynylealcium chloride as an adduct with
tetrahydrofuran of approximate formula (Cg Hs Cs )CaCl- (0.8 THF), (VII). The
tetrahydrofuran is not removed under high vacuum at room temperature and
higher temperatures lead to some decomposition on the loss of the ether as
indicated by IR spectroscopy. The product (VII) is only sparingly soluble in
tetrahydrofuran or 1,2-dimethoxyethane so that 'H NMR spectroscopy can
not be used. The product is air sensitive and hydrolysis produces free phenyl-
acetylene. The IR spectrum of (VII) shows bands assignable to the acetylene
ligand [e.g. ¥(C=C)2019 cm™!] and tetrahydrofuran.

Other reactions of calcium

In attempts to prepare benzyl- or diphenylmethyl-calcium compounds
analogous to (I), benzyl chloride or benzhydryl chloride was treated with cal-
cium amalgam in tetrahydrofuran at and below room temperature. In reactions
with benzhydryl chloride a pink-coloured product is obtained but this colour
was rapidly discharged on attempted purification and this may indicate an
unstable organometallic compound. From either reactant a high yield of the
coupled hydrocarbon, bibenzyl or 1,1,2 2-tetraphenylethane, respectively, is
isolated.

Experimental

Solvents and calcium metal were treated as described previously [2]. In-
dene and phenylacetylene were dried over 5A molecular sieves and distilled
before use. Fluorene was sublimed before use.

Calcium was determined by EDTA titration and chloride gravimetrically
as AgCl. IR spectra were recorded in KBr with a Perkin - Elmer 457 spectro-
meter, and ! NMR spectra with a 60 MHz Perkin - Elmer R 12 spectrometer
operating at 85° unless otherwise stated.

[(CgHg )3 C}CaCl(THF),, (I), was prepared from friphenylmethyl chloride
and calcium amalgam in tetrahydrofuran according to the method of Masthoff
and Krieg [7]. (Found: Ca, 8.3. C,7H3, O,ClCa caled.: Ca, 8.7%.)

Diindenylbis(tetrahydrofuran)calcium

Indene (1.0 g) was distilled in vacuo into a stirred suspension of (I) (1.8 g)
in tetrahydrofuran (30 ml) at —20°. The stirring was continued for 30 min.
Filtration, followed by reduction in volume of the filtrate and cooling to —40°
gave colourless crystals. The crystals were separated washed and dried, 103
mmHg. Yield ca. 65%; m.p. 165°. (Found: Ca, 9.7. C35H3,0,Ca caled.: Ca,
9.7%.) Major IR bands: 3047 w, 2965 m, 1334 m, 1324 S 1255m 1036 s,
1024 s, 874 m, 748 vs, 441 m, 380 (br)m cm—1, - ; ,



‘Dnndenyz( 1 2-dzmethoxyethane)calcmm .

} In a snmlar expenment to the above mdene (0 8 g) and (I) (1 5 g) in
1 2-d1metboxyethane (30 ml) gave colourless crystals in ca. 50% yield (m.p:
138°). (Found Ca; 11.2. C35H3,0,Ca calcd.: Ca, 11.1%.) Major IR bandsu;

- 3054w, 1320s, 12525, 1213 m, 1183 m, 1102 m, 1061 s, 864 s, 748 VS,';
‘4'-1'7 m, 92“ ﬂ-“;\rn rw'n“'.’1 .

80 (h
: ’Dundenylcalczum

. Subhmatlon of dnndenylbls(tetrahydrofuran)calcmm [or dnndenyl-?
(1 2—dlmethoxyethane)calcmm} in vacuo, 10~3 mmHg, above 200° gave the’
product as colourless crystals on the colder parts of the tube. Yield ca. 50%,"
m.p.> 300° (dec.). IR spectrum: 3059 m, 3024 (sh), 1392 w, 1337 (sh),
1327 s, 1253w, 1217w, 1116 w, 1075 (br)w, 1034 w, 997 w, 789 5, 762 vs,"
736 (sh) 717 w, 438 m, 386 w, 295 (br)m cm™.

Fluoren wibis{ tetrahydrofuran Jealeium chlartde

- Fluorene (0.6 g) in tetrahydrofuran (20 ml) was added dropwise to a
stirred suspension of (I) (1.5 g) in tetrahydrofuran (80 ml) at ambient tempera- .
ture. A yellow precipitate was formed immediately. Filtration, followed by
washing with tetrahydrofuran and drying, 10~ mmHg, gave the product in -
88% yield. (Found: Ca, 10.5; Cl, 9.5. Cy, H,50,CICa calcd.: Ca, 10.4; Cl, :
9.2%.) Major IR bands: 3030 w, 2963 m, 2869 m, 1444 m, 1316 m1, 1219 m,
1038 s, 878 m, 735 vs, 677 m, 330 (br)m cm™ 1. 3

Carboxylation of fluorenylbis(tetrahydrofuran )calcium chloride

. Carbon dioxide: was bubbled slowly into a suspension of (CygHs)- ~
CaCl(THF); in tetrahydrofuran for 80 min at ~78°. Acidification and a stand-.
- ard extraction procedure gave crystals of 9-—fluorenecarboxyhc acid, yield 94%,!;1_:
m.p. 219°. ; I

' Reactzon of (L ) wzth cy:.lopentadtene

Cyclopentadlene (0 16 g) was dlstllled under vacuum, mto ‘a stn-red sus-

~ pension.of (I) (0.1 g) in 1, Z-dlmethoxyethane (15 ml) at —10°.. After 30 min
the solution was. filtered and hexane (30 ml) was added to the filtrate at —~30°.
Colourless  crystals . of - dicyclopentadienyl(1 2~d1methoxyethane)calc1um
(Cslk)zCa(C‘,HmOz ), (55%) were obtamed and identified by IR and NMR
spectroscopy.

Reactzon of (I ) wzth phenylacetylene

i Phenylacetylene (0.44 g) was’ dmtﬂled under vacuum, into a stlrred sus-
pension of (I) (1.16 g) in tetrahydrofuran (25 ml) at —~35° and the reaction
A m:xture was then allowed to warm to room temperature Fﬁtratlon gave a hght
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pink, sparingly soluble solid (0.33 g). Extraction of this solid with tetrahydro-
furan (45°), followed by filtration, reduction in volume and additicn of hexane
gave a small quantity of off-white solid (ca. 40 mg) which was washed and
dried under vacuum (107% mmHg). (Found: Ca, 17.3. CgH;CaCl-0.8 C,HgO
caled.: Ca, 17.1%.) Major IR bands: 3043 w, 2019 w, 1482 m, 1441 m,
1189 m, 1030 (br)m, 751 vs, 686 s, 540 m, 491 m cm™ 1.

Reactions of calcium ameigam

(a). With benzhydryl chloride. Calcium amalgam (1.1 g Ca) was shaken
with a solution of benzhydryl chloride (1.1 g) in 1,2-dimethoxyethane (50 ml)
for 4 h at —12°. Filtration gave calcium chloride as the 1,2-dimethoxyethane
adduct and evaporation of the filtrate gave crystals of 1,1,2,2-tetraphenyl-
ethane, yield 75%, m.p. 209°.

(b). With benzyl bromide. In a similar reaction to the above in tetrahydro-
furan, benzyl bromide and calcium amalgam at room temperature gave di-
benzyl, 80%, m.p. 51°.
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